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AR acid rain 酸雨 
ASA ascorbic acid 抗坏血酸 
BABA β-aminobutyric acid β-氨基丁酸 
CAT catalase 过氧化氢酶 
cPTIO 2-(4-carboxyphenyl) -4,4,5,5- tetramethyli 
-midazoline -1-oxyl-3-oxide potassium salt 
2-4-羧苯基四甲基咪
唑烷-1-氧-3-氧化物 
DAB 3, 3’-diaminobenzidine 3, 3’-二氨基联苯胺 
GDH glutamate dehydrogenase 谷氨酸脱氢酶 
GPT glutamic-pyruvic transaminase 谷丙转氨酶 
GS glutamine synthetase 谷酰胺合成酶 
GSH glutathione 谷胱甘肽 
H2O2 hydrogen peroxide 过氧化氢 
L-NNA Nω-nitro-L-arginine Nω-硝基-L-精氨酸 
MDA malondialdehyde 丙二醛 
NiR nitrite reductase 亚硝酸还原酶 
NO nitric oxide 一氧化氮 
NOS nitric oxide synthetase 一氧化氮合成酶 
NR nitrate reductase 硝酸还原酶 
NRT nitrate transporter 硝酸盐转运体 
N-SiAR nitric-rich simulated acid rain 硝酸型模拟酸雨 
POD Peroxidase 过氧化物酶 
SNP sodium nitroprusside 硝普钠 
SN-SiAR sulfate and nitrate mixed simulated acid rain 混合型模拟酸雨 
SOD superoxide dismutase 超氧化物岐化酶 
S-SiAR sulfuric-rich simulated simulated acid rain 硫酸型模拟酸雨 




















料，用 pH 3.0 的硝酸型（N-SiAR）、混合型（SN-SiAR）及硫酸型模拟酸雨（S-SiAR）
对拟南芥幼苗处理 5 天，通过生理指标测定以及荧光定量 PCR 等方法在生理生
化及基因表达水平上研究不同类型酸雨对拟南芥的损伤及与氮（N）代谢和一氧
化氮（NO）生成的影响。主要取得以下结果： 




2. N-SiAR 处理组中，拟南芥 N 含量 高，硝酸还原酶（NR），亚硝酸还
原酶（NiR）活力也比其他两个酸雨处理组高。同时，拟南芥 NO3
-转运
体基因 NRT1;1 和 NR 酶基因 NIA1，NIA2 以及 NiR 酶基因 NIR1 的表达
水平也在 N-SiAR 处理组 高，而在 SN-SiAR 和 S-SiAR 处理组较低。 
3. 通过对模拟酸雨处理 5 天内拟南芥叶片中 NO 含量的测定看出，整体上
N-SiAR 处理下的拟南芥叶片中 NO 含量高于 SN-SiAR 和 S-SiAR 处理的
拟南芥，并且都在 26 h 达到 高水平。 
4. 在外源施加 NO 供体 SNP 后，叶片内 NO 水平相对恒定，而叶片伤斑面
积比未施加 SNP 组有所减少，MDA 含量也减少，同时鲜重有所增加。               
5. 外源 NO 清除剂 cPTIO，NR 抑制剂 Na2WO4 及 NO 合成酶(NOS)抑制剂
L-NNA均降低叶片内NO水平，同时可使酸雨处理下叶片伤斑面积增大。 

















以上结果表明，N-SiAR 处理下的拟南芥幼苗体内 N 代谢和 NO 水平比
SN-SiAR 和 S-SiAR 处理的幼苗有明显增强，此类型酸雨诱导幼苗产生的抗氧化
酶活力较弱，叶片受伤较轻。另外，外源施加 NO 供体可以增强拟南芥幼苗对酸
雨的抗性，NO 清除剂及 NO 合成相关酶抑制剂则使植物伤害加重。并且，內源
NO 水平高的拟南芥突变体 nox1 受伤害程度较小，內源 NO 水平低的拟南芥突变
体 nia1,nia2 或 Atnoa1 则伤害更严重。综合以上结果，我们推测，N-SiAR 对拟南
芥造成的伤害比 SN-SiAR 和 S-SiAR 小，可能是由于 N-SiAR 处理的拟南芥体内



















Acid rain (AR) has become a worldwide serious environmental problem. Along 
with Europe and North America, China has become the third largest AR-affected area 
of in the world. Hence, it is of great practical significance in ecological protection and 
agricultural industry to study the mechanisms on how AR affects plant growth and 
how plants respond to AR. Currently, studies on the effects of different types of AR on 
plants are still limited. In this paper, we used the model plant Arabidopsis thaliana 
(wild type and several mutants) as the material, and treated them with pH 3.0 
nitric-rich (N-SiAR), sulfate and nitrate mixed (SN-SiAR) and sulfuric-rich simulated 
AR (S-SiAR) for 5 days. Then we used physiological, biochemical and quantitative 
real-time PCR (qRT-PCR) methods to analyse the responses of A. thaliana to three 
types of SiAR in oxidative stress induced damages, nitrogen (N) metabolism and 
nitric oxide (NO) production at physiological, biochemical and gene expression levels. 
The major results are shown as follows: 
1. N-SiAR caused less damage to A. thaliana than that by SN-SiAR or S-SiAR 
including less necrosis percentage, lower malondialdehyde (MDA), 
chlorophyll, hydrogen peroxide (H2O2) and GSH content and lower 
superoxide dismutase (SOD), peroxidase (POD) activities. 
2. Among the three types of SiAR, N-SiAR treated A. thaliana had the highest  
N content, nitrate reducrase (NR) and nitrite reductase activity (NiR), as well 
as NRT1;1, NIA1, NIA2 and NIR1 genes expression level. 
3. After we assayed the NO content in A. thaliana leaves under SiAR treatment 
for 5 days, we found that in general N-SiAR treated seedlings had a higher 
NO content level compared to SN-SiAR or S-SiAR treated ones and NO 
content reached the highest at 26 h. 
4. Exogenous NO application can significantly decreased necrosis percentage 















5. The application of NO scavenger cPTIO, NR inhibitor Na2WO4 and NO 
synthetase (NOS) inhibitor L-NNA could reduce NO content while increase 
necrosis percentage.  
6. Finally, we found that NO overproducing mutant (nox1) was less injured than 
wild type of A. thaliana, while NO-deficient mutants（nia1, nia2; Atnoa1）
were more injured by SiAR.  
Our results showed that N-SiAR induced less necrosis percentage and lower 
activities of antioxidant enzymes in A. thaliana than that by SN-SiAR and S-SiAR. 
Meanwhile, N-SiAR treated seedlings maintained an elevated N metabolism 
compared with SN-SiAR or S-SiAR treated ones. Besides, A. thaliana under N-SiAR 
treatment kept higher NO content than SN-SiAR and S-SiAR treatment. Addition of 
NO donor could enhance the tolerance of A. thaliana to AR, while NO synthesis 
inhibitors and NO scavenger resulted in more injuries to A. thaliana. Moreover, A. 
thaliana mutant with high NO level in vivo was less harmful than wild type A. 
thaliana. On the contrary, A. thaliana mutants with low NO level in vivo exhibited 
more necrosis percentage. Taken together, we suggested that N-SiAR induced less 
injury to A. thaliana than SN-SiAR and S-SiAR because of greatly enhanced N 
metabolism and NO content, and plants may cope with AR stress by enhancing N 
metabolism and NO level. 
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